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Abstract - The c-1 9-alkoxy-9-borabicyclot3.3.Unome ( 1  and 2)-potassiwn - 
hydride and c h i m l  p o t a s s i m  9-Uoxy-9-boratabicyclo13.:.Unome ( 3 a n d 4 )  

sys tem were applied t o  the  e m t i o s e l e c t i v e  reduction ( resolut ion)  of repre- 

sentat ive  racemic epoxides, such as l,2-epoxybutane, l,Z-epoxyoctane, 3.3-di- 

methyl-l,Z-epoxybutane, and s tyrrne oxide. The e m t i a s e l e c t i v i t y  by 1-KH 

and 2 x 1  systems was in the  range of  9.8-46.38 ee .  The camspondlng ch i ra l  

bamhydrides, 3 and 4 ,  resolved racemic epoxides examined in the  range of 

9.8-43.38 ee. A l l  t he  reduction products were consistently enriched i n  the  

enantiomer with levomtat ion.  

O w  f l r s t  report on the  e m t i o s e l e c t i v e  reduction of  racemic l,2-epoxybutme with the  ch i ra l  (-)- 

diisopinocampheylborane ( ( - ) - 1 P C p ) - l i t h i m  chloride (1:O.l) system t o  give R-(-)-2-butanol in 22% 

e e  a t  O'C (eq 1 ) l  indicated t h e  new methadology f a r  the  resolut ion of  racemic heterocyclic c o w  

We have interpreted these r e s u l t s  a s  the  c h i r a l  arganaborane discriminates R- and S-enan- 

t i o r e r s  at the  s tep of coordination t o  the  h e t e m  atom of ring followed by reduction. 
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On t h i s  basis ,  we u t i l i z e d  the  c h i r a l  R B K H  and c h l r a l  KR H systems using readi ly  avai lable  chi- 38 
ral aux i l i a r i e s  in the  enantloselective reduction of  various racemic epoxides in the  hope t o  f ind 

out the  mechanistic importance and t o  es tab l i sh  the  proper system fo r  such resolution. 

We selected two c h i r a l  borinic e s te r s ,  such as 9-isoplnocampheyloxy-9-borabicyclo13.3.U (9- 

0-IPC-9-BEN) ( 1 ) and 901,2:5,6-di~isopmpylidene-eD-@uco~ose-9-b0bicycl0C3. 3 . l l n o m e  

(9-0-DIFQF-9-BPN) ( 2 ), prepared by t r e a t i n g  the  comspondlng alcohols with WEN. These c h i r a l  

bor inic  e s t e r s  are readi ly  converted t o  the  corresponding potassium 9-allroxy-9-boratablcycloi3.3.ll- 

nonanes, K 9-0-IPC-9-BBNH ( 3 )  and K 9-0-DIPW-9-BBhRI ( 4  ), by treatment of 1 and 2 ,  respectively, 

with excess p o t a s s i m  hydride (eq 2) .  We applied these four systems (1-KH, 2-KH, 3,  4 )  t o  the  e m -  

t iose lec t ive  reduction of representative racemic epoxides, such a s  1,2-epoxybutane, 1.2-epoxyoctane, 

3,3-dhthyl-l,2-epoxybutane, and styrene oxide. The 1-KH and 2-KH systems are believed t o  proceed 



via  the  initial enantioselective coordination of the  ch i ra l  borane on the  epoxy o w g n  followed by - 
reduction, while the  borohydrides 3 and 4 ,  d i rec t ly  a t t acks  the  epoxy r i n g  enantioselectively 

(Scheme 1 ) .  Actually, it is our major in te res t  t o  evaluate the  m l e  of  s teps  of enantioselective 

coordination and enantioselective reduction. 

The enantioselective r e a c t i m  was carr ied out by e i t h e r  the  t r e a t m n t  of 2 equiv of epoxide with 1 
1 

equiv of 9-OR -9-BBN followed by reduction with excess KH, or the  t r ea tmentof  2 equiv of epoxide 

with 1 equiv of K  OR*-9-BBNH, both at DOC. The reduction went t o  completion in 7-15 h and the  

isola ted yie lds  of alcohols m 70-85%, a s  sumarized in Table I-IV. 
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Table I. Enantioselective Reaction of Representative Racemic Epoxides with the  ~-C-IPC'-~-BBN ( 1 )- 

mi System in Tetrahydronrm a t  O'C 

Yield 
@oxide Product % ee 

3,3-Dimethyl- 3,3-Dimethyl- 81 -2.32 28.6 ( R )  29.9 1.2-epoxybutane 2-butanolc 

Styrene oxide 1-~henylethanof 75 -4.03 9.4 ( S ) 9.8 

.) 95.5% ee (-1-isopinocmpheo~ ( [a]i3 -34.1') used. 

b )  Based on the  rraxImun [o] values reported : R-2-butano13 -13.5' ; S-2-octano14 t9.9' ; 
6 

R-3,3-dimethyl-2-butanol' -8.1' ; R-1-phenylethanol t42.85'. 

C )  F r m  the  reduction of epoxide with the  system. 

d) From the  reduction of d i s t i l l a t e  of the  -acted with LIAIHLI. 

e )  C o m c t e d  values f o r  100% ee (-1-isopinocampheol. 
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The opt lca l  yie lds  of  alcohols obtained by the  I-KH system, a s  sumnarized in Table I, appear t o  be 

vadab le  with the  struct- of epoxides. The ee values f o r  the  a l ipha t i c  s e r i e s  examined a~ in the  

range of  26.0-41.7%, however the  value f o r  m m t i c  ejwxide is only 9.8%. On the  other  hand, the  

absolute configuration of alcohol products are consistently r i c h  in R f o r  the  a l ipha t i c  s e r i e s  and S 

f a r  the  a r m t i c  one with a constant l e ~ o m t a t i o n . ~ - ~  

Table 11. h a n t i o s e l e c t i v e  Reaction of Representative Racemlc Epoxides with the  94-DIPGF'-9-BBN 

( 2 ) 4 H  System in T e t r a h y d r a k a n  at 0% 

Product 
Yield 

Epoxide 1 

Styrene oxide 1-phenylethanolC 82 -10.6 24.7 ( S ) 

) [a];0 -18.5' ( ~ = 5 ,  H ~ o ) ,  1,2 :5,6-di-0-isopmp~lidene-~D-@ucoflrr~O used. 
" L 

b)- a )  See corresponding footnotes in Table I. 

?he 2-KH system achieves the  enant ioselect ivi ty  in the rang of  24.7-46.31 ee ,  being s ignif icant ly  

higher than tha t  of  the  I-kH system, a s  swmmlzed in Table 11. However, the  trend both fo r  the  ee 

value and absolute configuration i s  exactly sane in both cases. 

Table 111. h a n t i o s e l e c t i v e  Reaction of  Representative Racemic Epoxides with K 9-0-IPC'-9-BBNH ( 3) 

in Tetrahydrafuran at O'C 

Product 
Yield b(Absolute) Correctione 

Epaxide (4) La]? degrre % ee confign. % ee 
2-Butanole 78 -3.33 4 . 7  ( R ) 25.9 

1,2-Epoxybutane 
2 - ~ u t a n o l ~  80 +3.19 24.3 ( S ) 25.4 

2-0ctanolc 84 -3.68 37.2 ( R ) 39.0 
1,2-2poxyoctane a 

2-Octanol 83 +3.61 36.5 ( S ) 38.2 

Styrene oxide 1-~henylettwnol' 78 -3.94 9.2 ( S ) 9.6 

a)- e) See corresponding footnotes i n  Table 11. 

Table N. Enantioselective Reaction of Representative Racemic Epoxides with K 9-0-DIPGF'-9-BBNH ( 4  ) 
in Tetrahydrofuran a t  0% 

Epoxide Pmduct p] i2 degree % eeb (Absolute Yield 
(%)  confim.  1 

2-Butanolc 
1,2-Epoxybutane 

77 -3.67 
a 

27.2 ( R ) 

2-Butanol 70 +3.90 28.9 ( S )  

Styrene oxide 1 - ~ h e n y l e t h m o l ~  81 -9.38 21.9 ( S ) 

b)- I )  See corresponding f w t n o t e s  in Table 11. 

The r e s u l t s  achieved by 3 and 4 ,  a s  shown in Table I11 and N, provide an i n t e r r s t l n g  f e a t w ,  even 



though a similar trend both for the ee value and absolute configuration is apparent. Thus, the e m -  

tioselectivity by the chiral  bomhydride, which has no vacant orb i ta l  for  coordination, toward race- 

mic epaxides Is constantly lower than that  by the chiral  borne-KH system. ?his in@Ues that  the 

step for  the coordination of chiral  organobome t o  the hetem atan is important in the emt io se l ec -  

t ive reaction. 

MPERIMENTAL 
The eexpeimntal techniques used in handling air-sensitive materials are described e l~ehd?eE .~  I2 
spectra were recorded on a Perkin-Ehr 1330 spectmphatcmter using a two syringe t e c h n i q ~ e . ~  

Nm spectra were recorded with a Bmker WP 80 SY s p e c t m t e r .  tb chemical sh i f t s  were report- 

ed i n  ppm relative t o  BF3 0Et2. The alcohol products isolated by d i s t i l l a t i on  were further purifled 

through preparative GC using a 10% Carbowax 20M on Chmmsob P co lm (6 fl x 0.5 in.),  The purity 

of alcohol products was confinred by a analytical GC. Optical rotation was rreasmd with a Jasco 

DIP-360 Digital Automatic Polarimeter. 
* 

Preparation of 94R -9-BBNs. 1 and 2 . The p m c e d m  for  the synthesis of 94-IPC-9-EBN ( 1 ) i s  re- 

p ~ s e n t a t i v e .  In an oven-dried 250-ml, mmd-bottom flask with a septumcapped sidearm and a reflux 

condenser connected t o  a gas b m t t  was placed 150 ml of 0.5 M 9-EBN solution (75 m l )  i n  THF. To 
8 t h l s  s t i m d  solutlon 12.2g (79 -1) of (-1-isopinocampheol ( [a] E3 -34.1°, 95.5% ee) was added 

dropwise t o  l iberate hydrogen a t  mom temperature and the mixture was s t i r red  un t i l  the hydrogen 

evolution ceased. Evaporation of 21IF followed by d is t i l l a t ion  under vacuum gave 19g of pure 1 (69 
-1, 92.58): bp 165-167~~/0.6 mn ; '% nmr (W) 6 55.5 ppm. S M l s r y ,  91% yield of 2 was obtained: 

bp 198-201°c/0.5 mn ; nmr (IliF) 656.3 ppm. 
* 

&paration of K 9-OR -9-BBNHs, 3 and 4 . The procedure for  the synthesis of K 9-C-IPC-9-BBNH ( 3 )  

i s  representative. An oven-drled 500-ml, mmd-bottom flask equipped with a sidearm was attached t o  

a mrcluy bubbler. The flask was charged with 3g of oil-fYee potassium hydride (75 m l )  and 40 ml 

of m. To t h i s  slurry, 13.78 (50 ml) of 1 was added and the mixture was s t i r red  vigorously for  2 

h a t  momtemperatm. The hydride concentration of the resulting solution was masured by hydroly- 

zing an aliquot with a hydrolyzing m i x t m  of T X F 4  N HCl-Blycezdne (1:l:l). A 0.95 M concentration 

of 3 was observed: ir (THF) 2003 cm-I ( VsH) ; m ( W )  6-1.52 ppm ( a  bmad singlet) .  

Similarly, the 0.96 M solution o f4  was obtained: ir (THF) 2038 em-' ( VsH); m 61.3 ppn ( a  

bmad singlet) .  
* 

Reaction of Racemic Epoxides with the 94R -9-BBN-KH System. The following procedure for  the e m -  

tioselective reduction of mcemic 1,2-epoxycctane with the l 4 H  system-is representative. To an 

usual setup, 13.7g (50 m l )  of 1 i n  30 ml of THF was charged and the solution was cooled t o  O'C. 

And then 12.8g (100 mnol) of precooled 1,2-epoxyactane was added at  a tinr: with vigorous st i rr ing.  

The s t i r r i ng  was continued for 8 h a t  O'C. The solution was transferred t o  oil-&e KH (3g, 75 m l )  

via a double-ended needle and the mixtune was s t i r red  vigorously for  7 h at O'C. After the m a c t i m  

completed, the unreacted 1,Zspoxyoctane was d is t i l l ed  and collected. The residue rerrained in the 

flask was hydrolyzed and oxidized with W i n e  hydrogen pemxide i n  the usual m e r .  Tbe aqueous 

layer was saturated with anhydmus X2CO3 and the scpazated organic layer was dried over anhydrous 

QSO,,. The alcohol product was fractionated (85% yield) and further purifled by a pmparative GC. 

Finally, the optical mta t ion  of p m  product was IEaSured: [a]? -3.94' (neat),  39.8% ee i n  R. 4 

ham the reduction of l,2-epoxyoctane collected frcan the reaction mixture with LIAUi,,, %(+I-2-oc- 
4 tam1 in 39% ee was obtained : f3.87' (neat). 3he resu l t s  are surrmarized i n  Table I. - * 

Reaction of Racemic Epoxides with K 9 4 R  -9-BBNHs, 3 and 4 . The reaction for  mcemic 1,Z-epaxyoc- 

tane with 3 i s  representative. In the u sml  setup, the flask was charged with 52.6 ml of 0.95 M m 
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solut ion of 3 (50 -1) and the  solution was caoled t o  O'C. To t h i s  was added at a tin? 12.8g of 

pmcwled  1,2-epoxyoctane (100 -1) and the  mixture was s t i r r e d  fo r  7 h at O'C. The -acted 

epoxide was d i s t i l l e d  and collected. The residue was hydrolyzed and oxidized with a-line hydrogen 

peroxide. The alcohol product was fractionated and puri f ied a s  described above. The opt ica l  mta- 
22 t i o n  of pure Z-octanol Was [elD -3.68' (neat) ,  37.2% ee i n  R. 

4 

The reduction of  the  -acted 1,Z-epaxyactane provided (+)-Z-octanol in 36.5% ee .4  The r e s u l t s  are 

sumrarized in Table 111. 
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